Upsurge of mortality rate caused by cardiac diseases can possibly be decreased by diagnosing dysfunctions in coronary arteries. Evolution of technology has increased the number of image processing software to aid researchers in analyzing risks of developing heart diseases. Although there are numerous cardiac image processing software systems available, the task of comparing and selecting the most appropriate software which fits the motive of researchers is indeed a tough process. To the extent of our knowledge, although several studies are exposed into evaluation of health care systems or generic software systems, no work has been done on evaluation and selection of image processing software for heart diseases. Selection of inappropriate image processing software can adversely affect the results of the heart disease diagnosis and outcome prediction. The task of selecting cardiac image software becomes complex due to difficulty in understanding the functionality, applicability, and quality of the image processing software systems. Thus, an approach is presented in this study to help fill the gap on this subject; by proposing a fuzzy-based framework to assist researchers with the evaluation process. The framework proposed in this research takes into consideration both functional and non-functional criteria of image processing software for cardiac disease analysis and outcome prediction. Fuzzy logic regulates the whole procedure by aggregating ratings of researchers for each criterion against the number of alternatives using fuzzy rules, to determine the most appropriate software amongst the ones provided by researchers according to the needs of individual project. This study contributes to overcome problems and inaccuracy in conventional methods of selecting a cardiac image processing software for diagnosis and outcome prediction of heart diseases.
INTRODUCTION
Most cases of heart diseases occur due to formation of a substance called plaque on the walls of coronary arteries, which causes blockage and prevents oxygenated blood from flowing to human heart [4] . Heart diseases have been recorded as one of the top causes of death globally, owing to one's lifestyle habits such as improper diet, smoking and declined physical activities [14] . Rapid progression of technology has brought improvisation in detection of heart diseases. Development of comprehensive and precise image-processing software has helped researchers in identifying even the minuscule amount of conditions leading to heart diseases. Example of cardiac image processing software systems are 3D Slicer [1] , Vessel View [11] , OsiriX [16] and Segment [12] .
Although there are many image processing software systems available for diagnosis and prediction of heart diseases, the lack of classification scheme for these software often obstructs the usage of these software amongst researchers [3] . As each image processing software possess distinctive features and functionalities, researchers face difficulties in picking the best software which can fulfill their motive of study. Improper selection of an image processing software can severely impact the diagnosis and prediction of heart diseases in their research.
Besides inadequacy of classification scheme, the evaluation and selection process of an image processing software itself, is a tough process. To understand significant features of an image processing software, one needs to either gain familiarity with the software by using it or study the tutorials/documentations available online. This prolongs the whole selection process as there are tremendous number of image processing software available for diagnosis of heart diseases.
To effectively diagnose and predict the risk of heart diseases, it is important for the researcher to know the core functionality of an image processing software. Expert users or researchers require shorter amount of time to pick and use a suitable image processing software for specific needs [7] . Additionally, frequent releases of software patches and technical updates require one to consistently be on par with the technology advancements [6] . This explains why one needs to be technically equipped to avoid further complications in the selection process of image processing software systems for diagnosis of heart diseases. Researchers are seeking advice about the desirable features and quality of software for cardiac image processing on the purpose of its use. Software selection is a subjective process which involves multiple criteria in decision making [15] . This has led to investigate better ways of evaluating and comparing existing cardiac image processing software systems to meet specific research needs.
In this study, we apply fuzzy logic to facilitate the evaluation of a set of alternatives, to select the most appropriate software which fits the purpose of researchers. This paper is organized as follows: Section 2 discusses the related work. Section 3 explains the proposed framework to compare and choose cardiac image processing software systems and Section 4 describes an example of scenario to demonstrate the decision-making process of the proposed framework. Finally, conclusion and future work are presented in Section 5.
RELATED WORK
Image processing software in cardiac area covers a wide scope of cardiac physiology such as electrophysiology, heart mechanics and fluid-dynamics; providing researchers a large domain to elicit information regarding heart diseases. Each image processing software for diagnosis and prediction of heart diseases possess significant features and its specific value from a quality attribute perspective. These features will aid evaluation and selection of image processing software in this study. In the past, researchers have come up with different approaches that can be applied in the selection process of software. Most selection approaches involve multi-criteria decision making (MCDM) methods, which are able to sustain multiple evaluation criteria against alternatives in a systematic selection procedure [2] .
Ayağ [2] , in his study of evaluating simulation software alternatives, has proposed an Analytic Network Process (ANP)-based approach. ANP breaks down a problem into a network; classifying them with goals, decision criteria and respective alternatives. His study uses three alternatives and 14 evaluation criteria, resulting in a great deal of mathematical calculations in pairwise comparison. Although ANP structures a decision into a network for easier understanding, this method could not be practical when the quantity of alternatives and criteria increases. Number of pairwise comparisons and numerical calculation increase as the quantity of alternatives and criteria rises or changes [6] .
Kumar and Kumar [8] , implemented rule-based recommendation system in their work of selecting software development life cycle (SDLC) models. They presented a taxonomical classification based on software features. Sets of rules were developed to compute the ratings of decision-makers for each criterion against a particular software. The comprehensive review done in support of the taxonomy allows decision-makers to cover a large area of the SDLC models; resulting in a detailed selection process.
Hegazy et al., [5] presented a fuzzy-based framework for Enterprise Resource Planning (ERP) system selection. The proposed framework used a four-level evaluation attributes' hierarchy with three short-listed ERP systems. This approach highlights the usage of fuzzy logic to accommodate subjective opinions of the decision makers. As ERP systems deal with more qualitative features than quantitative ones, fuzzy logic helps to eliminate uncertainty and data ambiguity in decision-making. In addition to that, Shih [13] explored hybrid methods in his study of ERP system selection; combining modern decision-making techniques such as fuzzy logic with conventional ones like AHP. Placing business requirements as his main concern, the author conducted interviews with experts, scholars and managers, before forming his criteria hierarchy. Usage of fuzzy AHP, precisely fuzzy pairwise comparison to determine criteria weightage, has helped the author to deduce relative importance between features of ERP system.
Mishrah [10] utilized fuzzy inferences in proposing a web recommendation system for e-commerce applications. In this work, the author has focused on capturing linguistic variables such as price, feature and quality to finally decide on the probability of purchasing the application. Linguistic states were defined for each variable (Example: -Price: {"Cheap", "Low", "High"}) to understand the impact of qualitative variables on the final output.
In recent studies considering MCDM problems in software selection, fuzzy logic has been a preferred approach; used solely or with another decision-making method as a hybrid technique. According to systematic review done in various knowledge area such as engineering, management and science, fuzzy logic has been able to mitigate inaccuracy in conventional selection method. Fuzzy logic also helps to provide proper definition of subjective and qualitative criteria, indirectly eliminating uncertainty in the selection process [9] .
Although there are some methods been proposed to support the selection of general software systems, we found that different domains have different needs in software systems or tools. Thus, the selection criteria and fuzzy rules should be tailored to meet the domain-specific requirements that can help decision-makers to get the most appropriate software system for their projects. To the best of our knowledge, there are no specific methods which have been proposed to fit the needs of selecting cardiac image processing software. In this paper, a framework accommodating fuzzy logic will be used to provide a suitable solution for supporting researchers to choose the best image processing software system for their research in cardiac disease analysis and outcome prediction.
FUZZY-BASED SOFTWARE SELECTION FRAMEWORK FOR CARDIAC IMAGE PROCESSING SOFTWARE
This section describes a decision-making framework proposed based on fuzzy logic to compare, evaluate and select cardiac image processing software systems. This framework is intended to help researchers to choose appropriate software for diagnosing and predicting heart diseases based on their project needs. This framework consists of two main parts: (i) the selection procedures to support decision making, (ii) selection criteria for comparing and evaluating cardiac image processing software. Section 3.1 explains the selection procedures of the framework and Section 3.2 describes the selection criteria used for comparing and evaluating candidate image processing software systems. Figure 1 illustrates systematic decision-making procedures in the proposed framework. These procedures make up a generic methodology used for selection of cardiac image processing software. This methodology can be customized to meet requirements of individual research project. Evaluation criteria and fuzzy rules can be adapted according to the needs of researchers. The generic procedures comprise six (6) steps, as shown below. In the pre-selection stage, research objectives are defined to provide inputs for the decision-making process. A list of cardiac image processing software are identified is shortlisted for selection. In our earlier work [3] , we have identified a list of image processing software that are suitable candidates for diagnosing cardiac diseases.
Decision-Making Procedures for Selecting Cardiac Image Processing Software
Step 1: Identify evaluation criteria: The first stage of the framework involves a thorough review on image processing software for diagnosis of heart diseases. Key features and attributes of these image processing software are obtained and consolidated, to form a set of evaluation criteria for the selection process.
Step 2: Categorize and filter list of criteria: The consolidated list of criteria obtained from various image processing software is assorted. Hence, the need arises to categorize them to obtain a definite set of criteria. Surveys and interviews were conducted with experts to acquire their input on classifying these criteria. Based on their responses, the list of evaluation criteria was filtered into a hierarchy of parent and sub-criteria. This classification is expected to ease the process of developing rules in the fuzzy approach of this framework.
Step 3: Determine fuzzy rules and develop repository of questions: At the backend of this framework, fuzzy rules acts as the base structure in defining the relationship between the corresponding criterion weightage assigned by the decision-maker and a particular alternative. Fuzzy rules in this approach are developed using conditional statement; if-then statement. At the front-end, repositories of questions are created to capture decision-makers' weightage for each criterion; respective to the alternative.
Step 4: Assign respective ratings for each alternative against a set of criteria: From the view-point of a decision-maker, a set of questions to displayed; expected to be answered for each alternative. These answers are the ratings provided for each evaluation criterion.
Step 5: Evaluate the appropriateness of alternatives using fuzzy logic: Based on the ratings by decision-makers, fuzzy logic is used to computes the weightage of each criterion; specific for an alternative. The fuzzy rules takes these weightage as input to rank the alternatives in order of appropriateness.
Step 6: Derive rankings of the alternatives: Upon final computation, the framework presents the fuzzy appropriateness indices for all the alternatives. Researchers can make final decision and choose the most appropriate image processing software amongst the alternatives, which fits the need for diagnosis of heart diseases.
Software Selection Criteria
This section provides a set of selection criteria that could be used for selection of cardiac image processing software. We extracted the list of criteria in two ways: (i) reviewing existing studies, (ii) conducting a survey to identify potential criteria with a group of researchers who are working on research related to diagnosis of cardiac diseases. The evaluation criteria are divided into two types; non-functional and functional criteria. These criteria are presented in Table 1 and Table 2 . 
CASE EXAMPLE: APPLYING THE FUZZY-BASED APPROACH
In this example, four image processing software for diagnosis of heart diseases will be used: 3D Slicer [1] , Vessel View [11] , OsiriX [16] and Segment [12] . After conducting a detailed review and studying documentations of existing image processing software for diagnosis of heart diseases, a set of criteria were obtained from software features. The criteria included functional and non-functional ones such as image modality functions of software, image segmentation capability, software cost, fault tolerance and software documentations. To further categorize the vast set of criteria, a survey was conducted among experts to obtain their input. The results of the survey clearly distinguished the grouping of evaluation criteria, as below:- Once the criteria have been categorized accordingly, the fuzzy-based approach begins with the fuzzy rules creation. If-else statements were used to depict condition using the set of evaluation criteria. Some example of rules developed for this example are as below:
Simultaneously with the rules creation, the backend of the fuzzy-framework was populated with questions for users. Inputs from these questions will act as the weightage of each criterion for respective alternatives. Below are few examples of questions-answers that will be displayed for decision-makers to answer for respective alternatives:-(a) What are the image modalities supported by this image processing software?
(b) Does this software allow customization and modifications on existing functionalities?
• YES • NO Based on the answers provided by decision-makers for each alternative, fuzzy rules proceed to facilitate in computation of criteria weightage. In this stage, defuzzification process takes place, whereby a numerical result is produced from the qualitative/subjective ratings of the criteria. Weighted average method will be used to facilitate the defuzzification process for each alternative. As a result of the computation, the framework presents the top-ranked alternative as the most appropriate image processing software for the diagnosis and outcome prediction of heart diseases.
CONCLUSION
A systematic evaluation methodology is important to overcome the complexity and difficulty of selection process involving image processing software for heart diseases. Inaccuracy in the evaluation procedure can severely impact the diagnosis of heart diseases. This paper proposed a fuzzy-based framework, which is expected to aid researchers in evaluating and selecting an image processing tool for diagnosis and outcome prediction of heart diseases. Besides helping in diagnosis, this framework will also allow researchers to have insights on treatments outcome, postulate effects of the disease and explore further in cardiac physiology. For future work, a case study will be conducted to evaluate the proposed framework.
